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(54) IMAGE READING DEVICE AND FOCUS ADJUSTMENT METHOD FOR IT 



(57) There are provided an image reading appara- 
tus and a focus adjusting method thereof in which focus- 
ing can be accurately conducted by a simple moving 
mechanism. A condenser lens and line sensor can be 
moved being integrated with each other. When output 
values obtained when a document on AF line is read by 
a line sensor are represented by LS-|, LS2, LS3, • • • , 
and when a broken line graph is considered on which 
the horizontal axis represents a reading position in the 
horizontal scanning direction and the vertical axis repre- 
sents an intensity of an output signal, it is judged that 
the larger the total, distance LMi + LM2 + • * • of the 
broken lines Is, the more accurately the Image is in 
focus. A square root of the sum of the square of a dis- 
tance between the adjacent reading positions and the 
square of a difference of intensities of the signals which 
have been read, is calculated, and It is judged that the 
larger the sum is, the more accurately the focus is 
adjusted. 
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Description 

BACKGROUND OF THE INVENTION 
5 TECHNICAL FIELD 

[0001] The present invention relates to an image reading apparatus for reading a document optically, and a focus 
adjusting method thereof. 

10 BACKGROUND ART 

[0002] Concerning a focus adjusting method used for an image reading apparatus for reading a document optically, 
there is provided a conventional method in which a distance from a condenser lens to an optical sensor is adjusted 
white both the condenser lens and the optical sensor such as CCD line sensor are independently moved, and the 

15 degree of contrast of one line of an image, which has been read by the optical sensor, is measured with respect to a 
plurality of distances, and it is judged that the image is in focus at a position of the optical sensor at which the maximum 
degree of contrast is obtained. Concerning the degree of contrast, a difference between the maximum and the minimum 
of luminance of the image to be read, or a total of absolute values of differences between values which have been read 
by the adjacent photoelectric transfer elements is calculated, and It is judged that the higher the value is. the more 

20 intense the degree of contrast becomes. 

[0003] However, when the above conventional method is adopted, the following disadvantages may be encountered. 
In order to move both the condenser lens and the optical sensor independently, the moving mechanism necessarily 
becomes complicated. Further, when a large black solid region or a large white solid region exists on the document, 
that is, when a space frequency of the document is low, there is provided a small difference between the degree of con- 

25 trast when the image is in focus and the degree of contrast when the image is out of focus, by tee method in which the 
focusing position is found by calculating the degree of contrast as described above. Accordingly, it is impossible to accu- 
rately adjust the focus. 

[0004] In the above focus adjusting method, when the condenser lens is moved in order to change a distance from 
the document to the condenser lens, the condenser lens may be minutely shifted in a direction which is not parallel to 

30 the optical path. In this case, a reading position of the line sensor in the direction of vertical scanning is shifted from a 
right position. When the condenser lens is moved more accurately, the reading position is not shifted from the right posi- 
tion, however, the manufacturing cost is remarkably increased. Therefore, improvements in the accuracy are limited. 
When the reading position is shifted from the right position, the degree of contrast is compared at different positions on 
the document. Therefore, it is impossible to find the focal distance accurately. When the apparatus is composed in such 

35 a manner that both the condenser lens and the line sensor can be independently moved, the moving mechanism nec- 
essarily becomes complicated. 

[0005] When a length of the optical path from the document to the condenser lens is changed, a discrepancy may be 
caused between a position on the document which is read by the same element of the line sensor before the change 
and a position on the document which is read by the same element of the line sensor after the change. Therefore, a 
40 range of the image to be read before the change in the optical path length is different from a range of the image to be 
read after the change in the optical path length. When the degree of contrast is simply found by an output signal of a 
pixel in the same range of the line sensor in the case of focusing, it results in a comparison of the contrast with respect 
to different ranges of the image in the horizontal scanning direction on the document. Therefore, it is impossible to con- 
duct focusing accurately. 

45 

SUMMARY OF THE INVENTION 

[0006] The present invention has been accomplished in view of the above circumstances. It is an object of the present 
invention to provide an image reading apparatus in which focusing can be accurately conducted by a simple moving 

50 mechanism. Also, it is an object of the present invention to provide a focus adjusting method thereof. It is another object 
of the present invention to provide an image reading apparatus in which an error caused by the deviation of a reading 
position in the vertical scanning direction in the case of adjusting the focus can be reduced. Also, it is another object of 
the present invention to provide a focus adjusting method thereof. It is still another object of the present invention to pro- 
vide an image reading apparatus in which a document can be read in the same range in the horizontal scanning direc- 

55 tion at all times so that the focus can be more accurately adjusted. Also, it is still another object of the present invention 
to provide a focus adjusting method thereof. 

[0007] In order to accomplish the above objects, an image reading apparatus of the present invention comprises: a 
condenser lens for condensing light sent from a document; an optical sensor for converting light sent from the con- 
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denser lens into an electric signal; an optical path length adjusting means for integrally moving the condenser lens and 
the optical sensor so as to adjust an optical path length between the document and the condenser lens; a calculating 
means for storing a signal obtained when the optical sensor reads a reading line on the document by a plurality of opti- 
cal path lengths and also for calculating a value showing the degree of focusing at each optical path length; and a con- 
5 trol means for giving a command to the optical path length adjusting means so that the value showing the degree of 
focusing can be maximized. Since the condenser lens and the optical sensor are integrally moved, it is possible to con- 
duct focusing accurately without using a complicated moving mechanism. 

[0008] A focus adjusting method of an Image reading apparatus the present invention comprises the steps of: (a) mov- 
ing the condenser lens and the optical sensor integrally so as to adjust an optical path length between the document 

10 and the condenser lens; (b) reading luminance of a reading line on the document by the optical sensor and converting 
the luminance into an electric signal; (c) calculating a value showing the degree of focusing by the electric signal 
obtained in step (b); (d) repeating steps (a), (b) and (c) by a plurality of optical path lengths; (e) finding an optical path 
length by which the value showing the degree of focusing is maximized; (0 adjusting an optical path length so that it can 
be the optical path length found in step (e). 

15 [0009] An image reading apparatus and its focus adjusting method of the present invention use a line sensor having 
a plurality of photoelectric transfer elements as an optical sensor. 

[0010] In an Image reading apparatus and its focus adjusting method of the present invention, a value showing the 
degree of focusing is a total of the square root of the sum of the square of a predetermined value corresponding to a 
distance between the adjacent reading positions to be read by the optical sensor, and the square of a difference of lumi- 

20 nance signals at the adjacent reading positions. Accordingly, even in the case of an image having a large solid black 
region and large solid white region, that is, even in the case of an Image, the space frequency of which is low, it is pos- 
sible to conduct focusing accurately A square root of the sum of the square of a distance between the reading positions 
adjacent to each reading position and the square of a difference of luminance signals, which have been read, corre- 
sponds to a length of a straight line which connects points representing an intensity of luminance signal at the reading 

25 position on a graph, the horizontal axis of which is a reading position and the vertical axis of which is an intensity of the 
luminance signal which has been read, and a sum of the square roots corresponds to a total length of the lines on the 
broken line graph. 

[0011] An image reading apparatus of the present invention comprises: a condenser lens for condensing light sent 
from a document; a line sensor having a plurality of photoelectric transfer elements for converting light sent from the 

30 condenser lens into an electric signal; an optical patii length adjusting means for adjusting an optical path lengtii 
between the document and the condenser lens: a calculating means for storing a signal obtained when the line sensor 
reads a plurality of reading lines on the document and also for calculating a value showing the degree of focusing at 
each line; and a control means for giving a command to tiie optical path length adjusting means so that a sum of the 
values showing the degree of focusing on a plurality of lines can be maximized. 

35 [0012] Accordingly, even when the document reading position deviates in the vertical scanning direction in the proc- 
ess of adjusting the focus, an error caused by the deviation can be reduced by using a total of the values showing the 
degree of focusing on a plurality of lines. Therefore, focusing can be accurately conducted. 

[0013] A focus adjusting method of an image reading apparatus of the present invention comprises the steps of: (a) 
adjusting an optical path length between the condenser lens and the document; (b) reading a plurality of lines on the 
40 document by the line sensor and calculating a value showing tiie degree of focusing on each line; (c) repeating steps 
(a) and (b) by a plurality of optical path lengths; (d) finding an optical path length by which the value showing the degree 
of focusing is maximized on tiie plurality of lines; and (e) adjusting an optical path length between the condenser lens 
and the document so that it can be the optical path length found in step (d). 

[0014] In an image reading apparatus and its focus adjusting method of the present invention, the optical path length 
45 adjusting means is a means in which the condenser lens and the line sensor are integrally moved, and the optical path 
length adjusting step is a step in which the condenser lens and tine line sensor are integrally moved. 
[001 5] In the focus adjusting method of the present invention, a plurality of lines are read at intervals in step (b). Since 
a plurality of lines are read at Intervals in step (b), it is possible to reduce a period of time required for reading while a 
wide reading range is ensured in the step of adjusting tiie focus. Therefore, it is possible to adjust the focus in a short 
50 period of time. Concerning the value showing the degree of focusing, when a broken line graph is considered, tiie hor- 
izontal axis of which represents a reading position of tiie document in the horizontal scanning direction and the vertical 
axis of which represents an output value, a total length of the broken lines or a value of the degree of contrast of the 
signal which has been obtained by reading the document may be used as a value showing the degree of focusing. 
[0016] An image reading apparatus of the present invention comprises: a condenser lens for condensing light sent 
55 from a document; a line sensor having a plurality of photoelectric transfer elements for converting light sent from the 
condenser lens into an electric signal; an optical patii length adjusting means for adjusting an optical path lengtii 
between the document and the condenser lens; and a means for connecting positions of the photoelecb-ic transfer ele- 
ments on tiie line sensor used for reading according to the optical path length. Due to the foregoing, it Is possible to 
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read an image of the same range of the line sensor in the horizontal scanning direction before and after a change in the 
optica! path length. Concerning the value showing the degree of focusing, when a broken line graph is considered, the 
horizontal axis of which represents a reading position of the document in the horizontal scanning direction and the ver- 
tical axis of which represents an output value, a total length of the broken lines or a value of the degree of contrast of 

5 the signal which has been obtained by reading the document may be used as the value showing the degree of focusing. 
[0017] A focus adjusting method of an Image reading apparatus of the present invention comprises the steps of: (a) 
adjusting an optical path length between the condenser lens and the document; (b) con-ecting positions of the photoe- 
lectric transfer elements on the line sensor used for reading according to the optical path length; (c) calculating a value 
showing the degree of focusing when the document is read by the photoelectric transfer elements located at the cor- 

10 rected positions on the line sensor; (d) repeating steps (a), (b) and (c) by a plurality of optical path lengths; (e) finding 
an optical path length by which the value showing the degree of focusing is maximized; and (f) adjusting an optical path 
length between the condenser lens and the document so that it can be the optical path length found In step (e). 
[0018] An image reading apparatus of the present invention further comprises: a means for calculating a value show- 
ing the degree of focusing on a plurality of optical path lengths when the document is read by the photoelectric transfer 

15 elements, the positions of which have been connected, on the line sensor; and a control means for giving a command to 
the optical path length adjusting means so that the value showing the degree of focusing can be maximized. Due to the 
foregoing, even when an optical path length between the document and the condenser lens is changed in the process 
of adjusting the focus, it is possible to read the same range on the document in the horizontal scanning direction. There- 
fore, focusing can be more accurately conducted. 

20 [0019] The image reading apparatus and the focus adjusting method of the present Invention will be more apparent 
to those skilled in the art on consideration of the most preferred embodiment and the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 [0020] 

Fig. 1 is a schematic illustration for finding a distance by an output value which has been read on line AF by a line 
sensor In the first embodiment of the present invention. 

Fig. 2 is a block diagram showing an image reading apparatus of the first embodiment of the present Invention. 
30 Fig. 3 is a view showing an example of a focus position designating image plane on a document in the first embod- 
iment of the present Invention. 

Fig. 4 is a schematic illustration showing a model of an output of a line sensor when a document having a large 

white solid portion and a large black solid portion is read under the condition that an Image on the document is in 

focus and also under the condition that an image on the document Is out of focus. 
35 Fig. 5 is a schematic Illustration for explaining a slippage of a reading position caused when a lens carriage Is 

moved in an image reading apparatus of the first embodiment of the present invention. 

Fig. 6 is a flow chart showing a focus adjusting method of the first embodiment of the present invention. 

Rg. 7 is a flow chart showing a focus adjusting method of the second embodiment of the present invention, 

Rg. 8 is a characteristic diagram showing a relation between a moving distance of a lens carriage and LMTT and 
40 also showing a relation between a moving distance of a lens carriage and MTF in the second embodiment of the 

present invention. 

Rg. 9 is a characteristic diagram showing a relation between a moving distance of a lens carriage and LMTT and 
also showing a relation between a moving distance of a lens carriage and MTF in the third embodiment of the 
present invention, 

45 Rg. 1 0 Is a schematic illustration for explaining a method of finding a focusing position in the fourth embodiment of 
the present invention. 

Fig. 1 1 Is a perspective view showing an example of a film holder used In the case of reading a film of a transmis- 
sion type document In an embodiment of the present invention. 

50 THE MOST PREFERRED EMBODIMENT 

[0021] Referring to the accompanying drawings, embodiments of the present invention will be explained in detail 
below. 

55 FIRST EMBODIMENT 

[0022] Fig. 2 is a view showing a flat bed type image reading apparatus 100 of the first embodiment of the present 
invention. 
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[0023] On an upper face of a box-shaped casing 1 , there is provided a document glass 1 1 on which a document to 
be read is set. In the casing 1 , there are provided a first can-iage 20, second carriage 30 and lens carriage 40. 
[0024] The first carriage 20 can be moved by a drive unit not shown at speed V in parallel with the document glass 
11 . In this first carriage 20, there are provided a light source 21 and a reflecting miror 22. The second can^iage 30 is 
s provided with reflecting mirrors 31 and 32. The lens carriage 40 is provided with a line sensor 41, which is an optical 
sensor for reading light sent from a document, and a condenser lens 42 for condensing light, which is sent from the doc- 
ument, to the line sensor 41 . The line sensor 41 is composed of a large number of photoelectric transfer elements such 
as CCD. 

[0025] When an image is read, the document which is set on the document glass 1 1 is irradiated with light sent from 
10 the light source 21, and light sent from the document is condensed to the line sensor 41 b/ the condenser lens 42. and 
luminance of the document is detected and transferred into an electric signal while the first carriage 20 and the second 
carriage 30 are being moved. In this case, a direction in which the photoelectric transfer elements of the line sensor 41 
are arranged is defined as a horizontal scanning directon. and a direction in which the can-iage is moved is defined as 
a vertical scanning direction. 

15 [0026] Light sent from the light source 21 is irradiated on the document surface which has been set on the document 
glass 1 1 . After light has been reflected on the document surface, it is respectively reflected on the reflecting mirror 22 
of the first carriage 20, the reflecting mirror 31 of the second carriage 30, and the reflecting mirror 32. After that, light is 
condensed by the condenser lens 42 of the lens carriage 40 to the line sensor 41 . The second carriage 30 can be 
moved in the same direction as that of the first carriage 20 at a half speed V/2 of the moving speed V of the first carriage 

20 20. Accordingly, even when both the first carriage 20 and the second carriage 30 are moved, an optical path length from 
the document to the condenser lens 42 can be kept constant. When the optical path length from the document to the 
condenser lens 42 is changed, the control unit 3 gives a command to the lens motor control means 6, so that the lens 
carriage 40 can be finely adjusted in the horizontal direction by a motor not shown in the drawing. In this way, the optical 
path length from the document to the condenser lens 42 can be changed. The control unit 3 and the lens motor control 

25 means 6 compose an optical length adjusting means. 

[0027] The data detecting section 2 converts data of the line sensor 41 into a digital signal and transmits the digital 
signal to the control unit 3. The control unit 3 is conrposed of a microcomputer including CPU, RMA and ROM. The con- 
trol unit 3 controls the overall image reading apparatus 100 and is connected with an external image processing device 
such as a personal computer (referred to as PC hereinafter) 200 via an interface. The control unit 3 houses control pro- 

30 grams for controlling a mirror motor control section 7, which drives the first carriage 20 and the second carriage 30 in 
the vertical scanning direction, and also for controlling a lens motor control section 6 which finely adjusts the lens car- 
riage 40 in the horizontal direction. 

[0028] Fig. 3 is a view showing an example of a focus position designating image plane on a document in which 
PC200 is used. First, an operator operates PC200 and transmits a preview signal from PC200 to the image reading 

35 apparatus 100. When the image reading apparatus 100 receives a preview signal from the interface 4, the control unit 
3 sends a control signal to the mirror motor control section 7, and the first carriage 20 is moved from the head line posi- 
tion of the document glass 1 1 to the final line position, so that the overall document glass 1 1 is scanned by a low reso- 
lution.. The control unit 3 transmits the low resolution image data, which has been obtained from the document on the 
document glass 1 1 , from the interface 4 to PC200 as preview data. 

40 [0029] FC200 processes preview data which has been received from the image reading apparatus 1 00, and displays 
a preview image plane 91 of the overall document on the display 90. 

[0030] The operator operates an input device connected with PC200 such as a mouse and designates a desired 
region 92 to be taken in on the preview image plane 91. Further, the operator designates automatic focusing. Then, 
PC200 determines a line at a specific position to be an automatic focusing line (referred to as AF line hereinafter) 93 

45 from the designated region 92 to be taken in. Then, the coordinate data and the automatic focusing indication signal are 
transmitted to the interface 4 of the image reading apparatus 100. For ©cample, as shown in Fig. 3. AF fine 93 can be 
set at a position of 1^ in the region 92 to be taken In the vertical scanning direction, and also AF line 93 can be set in 
a range of 1/3 at the center in the horizontal scanning direction. After the operator has designated the region 92 to be 
taken in, he can change the optical path length from the document to the condenser lens 42 by designating the moving 

50 distance of the lens carriage 40, so that he can manually adjust the focus. Accordingly, it is possible for the operator to 
intentionally read the document as a blur image. 

[0031 ] In the image reading apparatus 1 00, when the automatic focusing indication signal and the coordinate data of 
AF line 93 are received from the interface 4, the control unit 3 sends a control signal to the min-or motor control section 
7, so that the first can-iage 20 is moved to a position on AF line 93 corresponding to the coordinate data. 
55 [0032] In the initial condition, the lens can-iage 40 is set at a position so that a face of the document glass 1 1 on which 
the document is set can be in focus. This face of the document glass 1 1 on which the document is set will be referred 
to as an upper face of the document glass 11. This condition is a reference position, and the moving distance is deter- 
mined to be 0 mm at this reference position. When the lens carriage 40 is moved so that the optical path length from 
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the document to the condenser lens 42 can be shortened, that is, when the lens carriage 40 is moved so that an upper 
posttion of the upper face of the document glass 11 can be in focus, this direction in which the lens carriage 40 is moved 
is defined as a positive direction, and when the lens can'iage 40 is moved so that the optical path length from the doc- 
ument to the condenser lens 42 can be extended, that is. when the lens carriage 40 is moved so that a lower position 
5 of the upper face of the document glass 1 1 can be in focus, this drection in which the lens carnage 40 is moved is 
defined as a negative direction. 

[0033] In this embodiment, as shown in Fig. 1 , when output values obtained when AF line is read by the line sensor 
41 are represented by LS-j, LSa, LS3. • • • , and when a broken line graph is considered on which the horizontal axis 
represents a reading position in the horizontal scanning direction and the vertical axis represents an output value, it is 
10 judged that the larger the total distance LMi + LM2 + * * • of the broken lines is, the more accurately the image is in 
focus. 

[0034] When a distance between the reading positions of reading conducted by the photoelectric transfer elements 
of the line sensor 41 is a constant d, distance LMi between tiie output value of the first photoelectric transfer element 
and the output value of tiie second photoelectric transfer element and distance LM2 between the output value of the 
15 second photoelectric transfer element and tiie output value of the third photoelectric transfer element are represented 
by the following expressions, which is the same in the successive explanations. Each distance is calculated to be a 
square root of the sum of the square of a distance between the adjacent reading positions, and the square of a differ- 
ence of output values at the adjacent reading positions. 

20 LMI o({LS1 -LS2)Sd^)^^ 

LM2 = ((LS2-LS3)^+d^)^^ 

[0035] In this embodiment, the distance is relatively compared. Therefore, constant d may be an arbitrary value. In 
25 this case, d = 1 . Accordingly, total length LMT of the distances witii respect to the photoelectric transfer elements, the 
number of which is n, can be expressed by the following expression. 

LMT = ((LSi-LS2)' + l')'^ + ((LS2-LS3)' + l')'''+ • • . 4- ((LS„.1 - LS^) ' + 1 

30 [0036] Fig. 4 is a schematic illustration showing an output of the line sensor 41 when a document having a large white 
solid portion and a large black solid portion is read under the condition that the image is in focus and also under the 
condition that tiie image is out of focus. Under the condition tiiat the image is in focus, the output shown in Fig. 4(A) is 
obtained. Under tine condition that the image is out of focus, the output shown in Fig. 4(B) is obtained. When the degree 
of contrast is calculated by calculating a total of absolute values of differences between tiie maximum and the minimum 

35 of luminance on the image which has been read by the conventional method, or when the degree of contrast is calcu- 
lated by calculating a total of absolute values of the differences between the reading values of the adjacent elements, 
the substantially same value can be obtained in the cases of Figs. 4(A) and 4(B). Therefore, it is difficult to accurately 
detect a position at which the image is in focus. On tiie otiier hand, in this embodiment, total length LMT in tiie case of 
Fig. 4(A) becomes longer than that in the case of Fig. 4(B). Therefore, when it is judged that the longer the total length 

40 LMT is, the more accurately the image is in focus, the focus position can be accurately detected. 

[0037] In this case, as shown in Fig. 5, at the reference position at which line Ri - R2 on \he upper face of the docu- 
ment glass 11 is in focus, a distance from line Ri - R2 to principal point M of the condenser lens 42 is L^, and point A 
on line - R2 is read by the photoelectric transfer element at point "a" on tiie line sensor 41 via the condenser lens 42. 
When the number of all photoelectric transfer elements of the line sensor 41 is N. point "a" is a photoelectric transfer 

45 element, the order of which is from the end of the line sensor 41 , that is, point "a" is a photoelectric transfer element, 
the order of which is from the center of the line sensor 41 , and N ^ = (N/2) - P ^ . 

[0038] When the lens carriage 40 including the condenser lens 42 and tiie line sensor 41 is moved in the positive 
direction by x mm, point A' located in an upper portion of the upper face of the document glass 1 1 by distance x mm 
from point A is in focus corresponding to the photoelectric element at point "a". Accordingly, tfie photoelectric element 

50 of the line sensor, the order of which is , reads point B on line R^ - R2 which is distant from point A by Y-, mm. 

[0039] When the distance from the upper face of the document glass 1 1 to tiie condenser lens 42 is changed by mov- 
ing the lens carriage 40, the position of tiie document to be read by the same photoelectric element of the line sensor 
41 is changed due to the field angle characteristic of the condenser lens 42. The photoelectric transfer element for read- 
ing point A after the lens carriage 40 has been moved must be changed to a photoelectric transfer element which reads 

55 point C on line Ri' - R2' distant from point A' by Y2 mm in an upper portion of the upper face of the document glass 1 1 
which is distant by x mm. That is, it is necessary to read line R^ - R2 by the photoelectric transfer element, the order of 
which is P2, which is shifted from the photoelectric transfer element, the order of which is P^, by AR Triangle OMA is 
similar to triangle AA'B, and a length of line OA is proportional to , and a lengtii of line Y2 is proportional to AR Value 
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X is sufficiently small with respect to , and it is possible to assume that Y g ^ Y ^ . Accordingly, the following expres- 
sion is established. 

Li/(N/2-Pi) = x/(AP) 

5 

[0040] Therefore, position Pg of the photoelectric transfer element on the line sensor 41 after the change can be 
expressed as follows. 

P=P^-(AP) = P^+((Pi-(N/2))x)/L^ 

10 

[0041] Even if the distance from the upper face of the document glass 1 1 to the condenser lens 42 is changed by 
moving the lens carriage as described above, when position Pg of the photoelectric transfer element used for reading 
is found according to the moving distance x of the lens carnage 40 and also according to position P^ of the photoelectric 
transfer element which conducts reading at the reference position, the same portion of the document in the horizontal 

15 scanning direction is read, and the focusing can be adjusted. 

[0042] Fig. 6 is a flow chart showing a procedure for detecting a focusing position in this embodiment. 
[0043] In the case of focusing, first, the lens can-iage 40 is moved to a limit in the negative direction in step SI , that 
is, the lens can*iage 40 is moved to a position distant from the reference position by -3.0 mm in this embodiment. 
[0044] In step S2, the light source 21 is turned on, so that the document is irradiated with light sent from the light 

20 source 21 , and light condensed to the photoelectric transfer element in a predetermined range of the line sensor 41 is 
converted into an electric signal. The thus converted signal is digitized by the data detecting section 2 and stored in the 
memory of the control unit 3. 

[0045] In step S3, according to the reading data which has been digitized in step S2, total distance LMT is calculated 
by CPU of the control unit 3 and stored In the memory of the control unit 3 together with a position of the lens carriage 

25 40. 

[0046] Next, in step S4, it is judged whether or not the lens carriage 40 is located at a limit position in the positive 
direction, that is, it is judged whether or not the lens carriage 40 is located at a position of 3,0 mm in this embodiment. 
When the lens carriage 40 is located at the limit position, the program proceeds to step 86. Unless the lens carriage 40 
is located at the limit position, the lens carriage 40 is moved in the positive direction by a predetermined pitch in step 
30 S5, that is. the lens carriage 40 is moved in the positive direction by 0.5 mm in this embodiment, and the program 
returns to step S2 and the reading of the document is repeated. 

[0047] In step S6, a position of the lens carriage 40 is found at which a value of LMT stored in the memory of the 
control unit 3 becomes maximum. In step S7, the lens carriage 40 is moved to the position which has been found in step 
S6. In this way, adjusting the focus is completed. 

35 

SECOND EMBODIMENT 

[0048] In the first embodiment. AF line is composed of one line. In the case where the direction of moving of the lens 
carriage 40 is not perfectly parallel to the optical path, the reading position is shifted in the vertical scanning direction 
40 when the lens carriage 40 is moved. In order to reduce an en-or caused by the slippage of the reading position in the 
vertical scanning direction, a plurality of AF lines are read, and a total LMTT of LMT on each AF line is calculated. When 
the totals are compared with each other, it possible to detect a focusing position. 

[0049] Fig. 7 is a flow chart showing a procedure for detecting a focusing position in the second embodiment of the 
present invention. 

45 [0050] In the case of focusing, first, the lens carriage 40 is moved to a limit in the negative direction in step S1 1 , that 
is, the lens callage 40 is moved to a position distant from the reference position by -3.0 mm in this embodiment. 
[0051 ] In step 81 2, the first carriage 20 is moved to the first position on AF line. 

[0052] In step 813, the light source 21 is turned on, so that the document is irradiated with light sent from the light 
source 21 , and light condensed to the photoelectric transfer element in a predetermined range of the line sensor 41 is 
50 converted into an electric signal. The thus converted signal is digitized by the data detecting section 2 and stored in the 
memory of the control unit 3. 

[0053] In step 814, according to the reading data which has been digitized in step 813, total distance LMT is calcu- 
lated by CPU of the control unit 3 and stored in the memory of the control unit 3. 

[0054] In step 81 5, it is judged whether or not the reading line is at the final position of AF line, that is, in this embod- 
55 iment, it is judged whether or not the reading line is at tenth line from the start position of AF line. When the reading line 
is at the tenth line from the start position of AF line, the program proceeds to step 81 7. When the reading line is not at 
the tenth line from the start position of AF line, the first can-iage 20 is moved by one line in step 316, and then the pro- 
gram is returned to step 813, and the calculation of total distance LMT is repeated on the next line. 
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[0055] In step SI 7. LMT on each AF line is totaled to find LMTT, and LMTT is stored in the memory of the control unit 
3 together with the position of the lens carriage 40. 

[0056] Next, in step S18, it is judged whether or not the lens carriage 40 is located at a limit position in the positive 
direction, that is, it is judged whether or not the lens carriage 40 is located at a position of 3.0 mm in this embodiment. 
When the lens can-iage 40 is located at the limit position, the program proceeds to step S20. Unless the lens carriage 
40 Is located at the limit position, the lens canriage 40 is moved in the positive direction by a predetermined pitch in step 
S19, that is, the lens carnage 40 is moved in the positive direction by 0.5 mm in this embodiment, and the program 
returns to step SI 2 and the calculation of total value of LMTT of the total distance LMT is repeated. 
[00571 In step S20, a position of the lens carriage 40 is found at which a value of LMTT stored In the memory of the 
control unit 3 becomes maximum. In step 321 . the lens can-iage 40 is moved to the position which has been found in 
step S20. In this way, adjustment of focusing is completed. 

[0058] In Fig. 8, values of LMTT accorcfing to moving distances of the lens can-iage 40 in the case where AF line com- 
posed of 10 lines in the vertical scanning direction and 640 points in the horizontal scanning direction Is read with 
respect to a document of a natural picture, are compared with values of MTF which have been found when a rudder 
chart of 81 p/mm (including 8 line pairs in a range of 1 mm) is read and also when a general evaluation test is made. 
Values of MTF can be found from the maximum S^ax and the minimum S^m of a signal, which Is obtained when the 
rudder chart is read, by the following expression. 

MTF = {{S max - S minV (Smax + S ^m)) x 100 (%) 

[0059] As shown In Rg. 8, the waveform of the graph of values of LMTT Is the same as the waveform of the graph of 
values of MTF, and an emr of the peak position is 0.5 mm. A value of MTF at the peak position of the value of LMTT Is 
substantially the same as the maximum of the value of MTR Therefore, when the peak position of the value of LMTT is 
detected, it is possible to detect a substantial focusing position. 

THIRD EMBODIMENT 

[0060] In the second embodiment, when a plurality of continuous AF lines are read, the focus Is adjusted. However, 
it is possible to adjust the focus when a plurality of AF lines are read at intervals. 

[0061] In the third embodiment of the present invention, five AF lines are read on every other line. Therefore, while 
the reading time is being shortened, it is possible to ensure a reading range which approximately con^esponds to 10 
lines. 

[0062] In Fig. 9, values of LMTT according to moving distances of the lens can-iage 40 In the case where AF line com- 
posed of 5 lines in every other line in the vertical scanning direction and 640 points in the horizontal scanning direction 
is read with respect to a document of a natural picture, are compared with values of MTF which have been found when 
a rudder chart of 81 p/mm (Including 8 line pairs in a range of 1 mm) is read and a general evaluation test is made. 
[0063] In the same manner as that of the second embodiment, the waveform of the graph of values of LMTT is the 
same as the waveform of the graph of values of MTF. and an error of the peak position is 0.5 mm. A value of MTF at the 
peak position of the value of LMTT is substantially the same as the maximum of the value of MTR Therefore, when the 
peak position of the value of LMTT is detected, it Is possible to detect a focusing position. Accordingly while a focus 
adjusting time is being shortened by reducing the number of reading lines compared with the second embodiment, the 
substantially same effect as that of the second embodiment can be provided. 

FOURTH EMBODIMENT 

[0064] In the first to the third embodiment, a position of the lens carriage 40 is detected as follows. The lens carriage 
40 is moved from a position at which the optical path length is longest to a position at which the optical path length is 
shortest by a predetermined pitch, and a document is read at each position. Total distance LMT or total LMT of the total 
distance on a plurality of lines is calculated, and a position of the lens carriage 40 at which LMT or LMTT becomes max- 
imum is detected. For example, when the lens carriage 40 is moved from a position of -3.0 mm to a position of 3.0 mm 
with respect to a reference position by the pitch of 0.5 mm as shown in the above example, it is necessary to conduct 
reading and calculating by 13 times. 

[0065] In the fourth embodiment of the present invention, as shown in Fig. 10, first, the lens carriage 40 is roughly 
moved from the position of -3.0 mm to the position of 3.0 mm with respect to the reference position by the pitch of 1 .5 
mm, and reading and calculating are conducted at five positions of (1) to (5). Next, a position at which a calculated value 
of LMT or LMTT is highest is detected in the five positions of (1) to (5), and also a position at which a calculated value 
is highest is detected in the adjoining positions. In the example shown in Fig. 10, (3) and (4) are detected. Then, the 
lens carriage 40 is minutely moved by a pitch of 0.5 mm between the positions of (3) and (4), and reading and calculat- 
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ing are conducted at the positions of (6) and (7). Concerning the position at which LMTT becomes maximum in the posi- 
tions of (3), (4), (6) and (7), in the example shown in Hg. 10, LMTT becomes maxinrKim at the position of (6). 
Accordingly, the focusing position can be detected by the pitch of 0.5 mm in the reading conducted by 7 times. As 
described above, this embodiment is more advantageous than the first to the third embodiment in that the times of read- 
5 ing a document until a position at which the distance becomes maximum can be reduced, and the times of calculation 
conducted until a position at which the distance becomes maximum can be also reduced. Accordingly, the focusing time 
can be shortened. 

[0066] According to tiie above focus adjusting method, a position separate from tiie document glass surface can be 
in focus. Therefore, it becomes possible to read an image most appropriately 

10 [0067] Even when an optical path length from tiie document to tiie condenser lens is changed, it is possible to make 
the image reading range to be the same. Accordingly, for example, when an operator wants an image to be intentionally 
out of focus, it is possible to read the image in tiie same range as that of the image which is in focus. 
[0068] In the above example, explanation is made into an image forming apparatus in which a reflection document is 
set on the document glass 1 1 , and the document is irradiated with light sent from the light source 21 an^anged on the 

15 lower side of the document glass 1 1 . However, the present invention can provide the same effect even when an image 
forming apparatus is used in which a transmission document is iradiated with light sent from an upper portion of the 
document glass. For example, of course, it is possible to apply the present invention to a case in which a transmission 
document such as a negative film 82 is held by a film holder 81 shown in Fig. 11, and the film 82 is set at a position 
separate from tiie document glass surface. 

20 [0069] When the film 82, which is a transmission document, is read by a conventional flat bed type scanner, it is nec- 
essary to directly set the film 82 on the document glass surface so that an image on the film 82 can be in focus. Due to 
the foregoing, interference is caused between the film 82 and the document glass when light is in^adiated by a light 
source, that is, interference fringes, which are refen-ed to as Newton Ring, are generated, and the quality of an image, 
which has been read by the scanner, is impaired. Further, since tiie film surface and the glass surface are rubbed with 

25 each other, the film 82 is damaged by dust and things like that. However, according to the present invention, the above 
problems can be solved by using the film holder 81 . 

INDUSTRIAL POSSIBILITY 

30 [0070] According to the image reading apparatus and the focus adjusting method of the present invention, the con- 
denser lens and tiie optical sensor are integrally moved. Therefore, it is possible to adjust the focus without using a 
complicated moving mechanism. 

[0071 ] The value showing tiie degree of focusing is a total of the square root of the sum of the square of a predeter- 
mined value corresponding to a distance between the adjacent reading positions to be read by the optical sensor, and 
35 the square of a difference of luminance signals at tiie adjacent reading positions. Accordingly, even in the case of an 
image having a large solid black region and large solid white region, that is, even in the case of an image, tiie space 
frequency of which is low, it is possible to conduct focusing accurately 

[0072] Further, according to tiie present invention, a total of the values showing the degree of focusing on a plurality 
of lines can be maximized. Accordingly, even when the document reading position deviates in the vertical scanning 

40 direction in the process of adjusting the focus, an error caused by the deviation can be reduced by using the total of the 
values showing the degree of focusing on a plurality of lines. Therefore, focusing can be accurately conducted. 
[0073] Positions of the photoelectric transfer elements on the line sensor used for reading are conecled according to 
the optical path length. Due to the foregoing, it is possible to read an image of the same range of the line sensor in the 
horizontal scanning direction before and after a change in the optical patti length. Therefore, the focus can be adjusted 

45 more accurately 

Claims 

1 . An image reading apparatus comprising: 

50 

a condenser lens for condensing light sent from a document; 

an optical sensor for converting light sent from the condenser lens into an electric signal; 
an optical patti lengtii adjusting means for integrally moving the condenser lens and tiie optical sensor so as 
to adjust an optical path length between tiie document and tiie condenser lens; 
55 a calculating means for storing a signal obtained when the optical sensor reads a reading line on the document 

by a plurality of optical path lengths and also for calculating a value showing the degree of focusing at each 
optical path lengtii; and 

a control means for giving a command to the optical path length adjusting means so that the value showing tiie 



9 



EP0946 040A1 



degree of focusing can be maximized. 

2. An image reading apparatus according to claim 1, wherein tlie optical sensor is a line sensor having a plurality of 
photoelectric transfer elements. 

5 

3. An image reading apparatus according to claim 1 or 2, wherein a value showing the degree of focusing is a total of 
the square root of the sum of the square of a predetermined value corresponding to a distance between the adja- 
cent reading positions to be read by the optical sensor, and the square of a difference of luminance signals at the 
adjacent reading positions. 

10 

4. A focus adjusting method of an image reading apparatus in which light sent from a document is condensed by a 
condenser lens and converted into an electric signal by an optical sensor, the focus adjusting method comprising 
the steps of: 

15 (a) moving the condenser lens and the optical sensor integrally so as to adjust an optical path length between 

the document and the condenser lens: 

(b) reading luminance of a reading line on the document by the optical sensor and converting the luminance 
into an electric signal; 

(c) calculating a value showing the degree of focusing by the electric signal obtained in step (b); 
20 (d) repeating steps (a), (b) and (c) by a plurality of optical path lengths; 

(e) finding an optical path length by which the value showing the degree of focusing is maximized; and 

(f) adjusting an optical path length so that it can be the optical path length found in step (e). 

5. A focus adjusting method of an image reading apparatus according to claim 4, wherein the optical sensor is a line 
25 sensor having a plurality of photoelectric transfer elements. 

6. A focus adjusting method of an image reading apparatus according to claim 4 or 5, wherein a step for calculating 
a value showing the degree of focusing is a step for calculating a total of the square root of the sum of the square 
of a predetermined value corresponding to a distance between the adjacent reading positions, and the square of a 

30 difference of the electric signals at the adjacent reading positions. 

7. An image reading apparatus connprising: 

a condenser lens for condensing light sent from a document; 
35 a line sensor having a plurality of photoelectric transfer elements for converting light sent from the condenser 

lens into an electric signal; 

an optical path length adjusting means for adjusting an optical path length between the document and the con- 
denser lens; 

a calculating means for storing a signal obtained when the line sensor reads a plurality of reading lines on the 
40 document and also for calculating a value showing the degree of focusing at each line; and 

a control means for giving a command to the optical path length adjusting means so that a sum of the values 
showing the degree of focusing on a plurality of lines can be maximized. 

8. An image reading apparatus according to claim 7, wherein the optical path length adjusting means is a means for 
45 moving the condenser lens and the line sensor integrally 

9. An image reading apparatus according to claim 7 or 8. wherein a value shoring the degree of focusing is a total of 
the square root of the sum of the square of a predetermined value corresponding to a distance between the adja- 
cent reading positions to be read by the optical sensor, and the square of a difference of luminance signals at the 

50 adjacent reading positions. 

10. A focus adjusting method of an image reading apparatus in which light sent from a document is condensed by a 
condenser lens and converted into an electric signal by a line sensor composed of a plurality of photoelectric trans- 
fer elements comprising the steps of: 

55 

(a) adjusting an optical path length between the condenser lens and the document; 

(b) reading a plurality of lines on the document by the line sensor and calculating a value showing the degree 
of focusing on each line; 
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(c) repeating processes (a) and (b) by a plurality of optical path lengths; 

(d) finding an optical path length by which a value showing the degree of focusing is maximized on the plurality 
of lines; and 

(e) adjusting an optical path length between the condenser lens and the document so that it can be the optical 
5 patii length found in step (d). 

11. A focus adjusting method of an image reading apparatus according to claim 10, wherein the optical path lengtii 
adjusting step is a step in which the condenser lens and the line sensor are integrally moved. 

10 1 2. A focus adjusting metiiod of an image reading apparatus according to claim 1 0 or 11 , wherein a step for calculating 
a value showing the degree of focusing is a step for calculating a total of the square root of the sum of the square 
of a predetermined value corresponding to a distance between \he adjacent reading positions, and the square of a 
difference of tiie electric signals at the adjacent reading positions. 

15 1 3. A focus adjusting method of an image reading apparatus according to one of claims 1 0 and 1 1 , wherein a plurality 
of lines are read In step (b) at inten/als. 

14. An image reading apparatus comprising: 

20 a condenser lens for condensing light sent from a document; 

a line sensor having a plurality of photoelectric transfer elements for converting light sent from the condenser 
lens into an electric signal; 

an optical path length adjusting means for adjusting an optical path length between the document and the con- 
denser lens; and 

25 a means for correcting positions of the photoelectric transfer elements on the line sensor used for reading 

according to the optical path length. 

15. An image reading apparatus according to claim 14, furtiier comprising: 

30 a means for calculating a value showing the degree of focusing on a plurality of optical path lengths when the 

document Is read by the photoelectric transfer elements, the positions of which have been corrected, on the 
line sensor; and 

a control means for giving a command to the optical path length adjusting means so that a value showing the 
degree of focusing can be maximized. 

35 

1 6. An image reading apparatus according to claim 1 4 or 1 5, wherein a value showing the degree of focusing is a total 
of the square root of the sum of the square of a predetermined value corresponding to a distance between the adja- 
cent reading positions to be read by the optical sensor, and the square of a difference of luminance signals at the 
adjacent reading positions. 

40 

17. A focus adjusting method of an image reading apparatus in which light sent from a document is condensed by a 
condenser lens and converted into an electric signal by a line sensor composed of a plurality of photoelectric trans- 
fer elements comprising the steps of: 

45 (a) adjusting an optical path lengtii between the condenser lens and the document; 

(b) correcting positions of the photoelectric transfer elements on the line sensor used for reading according to 
the optical patii length; 

(c) calculating a value showing a value of tiie degree of focusing when the document is read by the photoelec- 
tric transfer elements located at the corrected positions on the line sensor; 

50 (d) repeating steps (b) and (c) by a plurality of optical path lengtiis; 

(e) finding an optical path length by which a value showing the degree of focusing is maximized; and 

(f) adjusting an optical path length between the condenser lens and the document so that it can be the optical 
path length found in step (e). 

55 18. A focus adjusting method of an image reading apparatus according to claim 17, wherein a step for calculating a 
value showing the degree of focusing is a step for calculating a total of the square root of the sum of tine square of 
a predetermined value con^esponding to a distance between the adjacent reading positions, and the square of a 
difference of the electric signals at the adjacent reading positions. 
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